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PRELIMINARY AMENDMENT 

Commissioner for Patents 
Box PCT 

Washington, D.C. 20231 
Sir: 

Prior to calculating the national fee, please amend the above-identified application as follows: 
IN THE SPECIFICATION : 

Page 27, after paragraph 8, please insert the following: 

—Fig 14 Showed the images of pattem wafer before electroplating 

Fig 1 5 The relationship of Cu film resistivity vs. various concentration of HCl (CuS04» 5H2O 

at 90 g/1, H2SO4 at 197 g/1, current density at 2.4 Aydm2 and time at 2 min) 
Fig 1 6 The uniformity at the top of the trench is (a) not smooth without HCl addition (b) more 

smooth with HCl addition 
Fig 17 Voids are obviously formed in the trench without any additive agent addition 
Fig 18 The relationship of Cu film resistivity vs. various concentration of (NH)2CS. 

(CUSO4 -SHjO at 90 g/1, H2SO4 at 197 g/1, HCl at 70 ppm, current density at 2.4 

A/dm2 and time at 2 min) 
Fig 1 9 SEM image of the electroplated Cu film at 0.03 g/1 of thiourea addition, applied current 

density is 2.4 A/dm2. 

Fig 20 SEM image of the electroplated Cu film at 0.054 g/1 of thiourea addition, applied 

current density was 2.4 Aydm2 
Fig 2 1 The relationship of Cu film resistivity vs. deposition time ((CuS04«5H20 at 90 g/1, 

H2SO4 at 197 g/1, HCl at 70 ppm current density at 1 .2 A/dm2) 
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Fig 22(a) SIMS analysis on Cu film without thioura presence 

Fig 22(b) SIMS analysis on Cu film with thioura 0.0036 g/1 addition- 
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The purpose of this Preliminary Amendment is to include figure descriptions for figures 1 4-22b 
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added- 
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Electroplat ing solution for copper electroplating 

The present invention concerns to a novel electroplating solution for 
copper electroplating, Hydroxyl amine sulfate or hydroxyl amine hydro- 
chloride are used as additive agents and added into the electroplating 
solution used in copper electroplating process of semiconductor manu- 
facturing. 
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( I ) Introduction 

Low resistivity and expected good reliability of copper make it an 
obvious choice used for long and nairow intercoimections. However, 
processing difBculties associated with Cu still need to be overcome 
before the introduction of Cu metallization. In addition, a commercially 
maturizcd equipment still needs to be developed in order to bring Cu 
metallization into producdon. 

Via and trench will be filled with copper by plating (also called 
electrochemical deposition). However, a major drawback of electroless 
copper deposition process is low plating rate. Other shortcomings, e.q. 
contamination, healthy, complex compounds, hard to control its 
composition are , also to be considered. Electroplating is an attractive 
alternative for copper deposition, since it is not available for tungsten or 
aluminum. Electroplating is a very inexpensive process compared to 
vacuum fabrication and electroless deposition. A number of research 
groups have developed electroplating to use in damascene structures. A 
potential disadvantage of electroplating is that it is a two-step process. 
PVD or CVD method can be competed in one step (direcdy on top of the 
diffusion-barrier), while electroplating requires deposition of a thin seed- 
layer prior to the plating fill step. The seed-layer provides a low- 



resistance conductor for the plating current that drives the process, and 
also facilitates film nucleation. If seed layer is not perfect (Le,, 
continuous), it can create a void during copper filling. 

Copper is the most favorable material used for seed layer because of 
its high conductivity, and because it is atn ideal nucleation layer with high 
conductivity. Copper seed layer plays two critical roles during 
electroplating* On the wafer scale, seed layer carries current fi^om the 
edge of the wafer to the center, allowing plating current source to contact 
the wafer only near the edge. The thickness of seed layer must be 
sxifi&cient large so that voltage drops from wafer edge to center does not 
reduce electroplating uniformity. On a localized region, seed layer caixies 
current fi'om the top surface to the bottom of vias and trenches. When 
there is insuflScient seed-layer thickness at the bottom, a void is formed at 
the center of via or trench during deposition. In order to produce a 
uniform and good adhesion film of electroplated copper, a seed layer 
must be deposited perfectly over the barrier layer- 
In principle, the thickness of the seed layer at the bottom (in a 
high aspect ratio feature) can be increased by increasing the thickness of 
copper that deposited on the field. However, an excess of seed material 
deposited at the field level will pinch ofi" the via or trench, crearing a 
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center void in the film. Although PVD copper has poor step coverage in a 
high-aspect-ratio of vias and trenches, it has been successfully applied to 
Cu electroplating, PVD copper used for seed layo* is successful at the 
narrowest feature of 0.3 /zm. At the dinaension below 0,3 fim^ PYD 

copper seed layer can be deposited using ionized PVD methods. In 
addition, a CVD seed layer will probably be used for next generations. 

Copper CVD is good alternative used for seed-layer primarily 
because it has nearly 100% step coverage. A superior step-coverage of 
the CVD copper process requires no additional cost relative to the PVD 
process. CVD copper seed-layer process can be used to fill narrow via 
completely in a single-damascene application, which is a significant 
process in future technique. 

Although electroplating is a two-step process, calculations indicate 
that it ofiers a lower overall cost-of-ovmership (COO) compared to CVD. 
The COO calculation includes the cost of the deposition equipment, 
fabrication space and consumables, bxit neglects device or process yield. 
The major difference is mainly due to lower capital and chemical costs of 
the electroplating process. Most importantly, a well-tuned electroplating 
process can fill a high-aspect-ratio structures. 
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(M) Enhanced Gap Fining Capabmty in Electroplating 

The big challenge in Damascene plating is to fill vias \ trenches 
without void or seam fonnations. Fig 1 presents possible evolution of 
plated copper. In conformal plating, a deposit of equal thickness at every . 
point of a certain dimension leads to the creation of a seam^ or voids form, 
because of different deposition rate. Sub^confoimal plating leads to the 
formation of a void even in straight-walled features. Sub-confonnal 
plating is resulted from substantial depletion of the cupric ion in the 
plating solution inside the feature, \^ch produces significant 
concentration overpotentials to cause the current to flow prefercntiaUy to 
more accessible locations outside the feature. In order to get defect-free 
filling, an increasing deposition rate along the sides and the bottom of the 
feature is desired. As early as 1990 at IBM, they discovered certain 
plating solutions that contain additives could lead to super-conformal 
formation that eventually produces void-free and seamless structures [Fig 
1]* They call this is "super-filling". 

In generally, the electroplating rate, is a direct function of cxurent 

density If one has a high density at the top of a structure (or at the top 

sharp edges) and a lower density at the bottom, one gets a different 
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plating rate. Voids form because there is faster plating on the top sharp 
edges of trenches compared to on the bottoms. Two methods to enhance 
deposition \mifonnity and gap filling capability in electroplating process 
are physical and chemical approaches. 

• Physical method is to apply a pnlsed plating (PP) or periodic pulse 
reverse (PPR) with both positive and negative pulses (etc-, a waveform to 
the cathode / anode system). Periodic pulsed plating (PPR) techniques 
could reduce the formation of voids because the rate of metal deposition 
inside a trench is nearly the same as flie rate at the upper portion. It is 
virtually like a deposition / etching sequence. It can produce a deposition 
/ etching sequence that polish copper in the high-density regions more 
quickly than in the low-density regions, and produce the required gap fill 
capability. Pulsed plating (PR) can decrease the effective mass transfer 
boundary layer thickness and thus produce higher instaneous plating 
current density as well as better copper distribution. Decreasing thickness 
of boundary layer could lead to significant concentration overpotentials 
decreased. Therefore, the filling capability could be enhanced in a high 
aspect ratio of via / trench. 

Chemical method is to add organic additives in the electroplating 
solution. A widely used electroplating solution consists of many additive 
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^oups (e.q. thiourea, acctythiourca, naphthalene sulfonic acid). However, 
levelcrs arc chemicals with amine group (e.q. tribcnzylaminc). Carrying 
agent could ]>romote the deposition of ductile copper, wbUt brigktener 
and leveling agent level out non-uniform substrates during 
electrodeposition. In order to make electrodeposidoon on small 
dimension very well (in very high aspect ratios for future ULSI 
metallization), an imderstanding of additive agent is required to farther 
study. Establishing proper agents in a specific action and a proper 
concentration ratio often determines die success of a gap filling plating 
process. . ' . 

In 1995, Intel corporation utilized a piilscd electroplating technology 
in a damascene process to produce low resistance copper interconnects 
vdth aspect ratios of 2.4:L[Fig 3a & 3b.] A tantalum barrier layer (about 
300-600A thickness) and a copper seed layer were deposited using 
' collimated PVD. Nominally the thickness of the copper seed layer was 
11 00 A on the top of the substrate, 280A on the sidewall and 650A on the 
bottom of the trench. After electroplating of about 1,5-2.5 /zm of copper 
at a rate of 500-2000 A/min, the samples were processed by chemical 
mechanical polishing to remove the field metallization and leave copper 
in the trenches and vias. The resistivity of electroplared copper was lower 
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than 1.88 fiQ • cm. They demonstrated that the filling capability was 
heavily dependent upon the sputtered copper uniformity in the trenches. 
If sputtered copper coverage showed a significant closiire at the top of the 
trench, then large voids could be formed after plating. However, if a 
uniform copper were sputtered in iSxc trenches, then a good copper filling 
would occur during plating. In addition, an inadequate waveform 
control could result in severe void imder the identical sputtering and 
platiag condition. 

In 1998, CuTek Research Inc. developed a new deposition system, 
which has a standard cluster tool configuration with a fiilly automatic 
dry/clean wafer in and diy/clean wafer out operation. Cu electroplatiiig is 
performed on a Cu seed layer with a thickness of 30-150nm. A sputtered 
Ta or TaN with 30nm thickness is used as a barrier and an adhesion layer, 
respectively. An excellent gap filling with thicker deposited in the 
trenches than on top of the field surfece could be achieved using pulse 
plating (PP) and periodic, pulse reveres (PPR) with suitable additive 
agents. Dual damascene structures with 0.4 u- m feature size in an aspect- 
ratio of 5:1 and deep contact sunictures with 0.25 jum feature size in an 
aspect-ratio of 8:1 could be completely filled without any void or seam 
function. The impurity contained in electroplated Cu fihn is measured to 
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be below SOppm. The major contaminants found were H, S, CI, and C. A 
higher concentration of these elements is measured at the edge of wafer in 
comparison with the center. This is probably due to hi^ hydrogen 
evolution and higher organic additive incorporated at the high current 
density region. 

In 1998, UMC (United Microelectronics Coiporation) has 
demonstrated the iQtegration of copper process by using a simple and 
cost-efiective dual damascene architecture. The metal-filling process for 
Cu interconnection includes (1) a deposition of 400A ionizedHnetal- 
plasma (IMP) Ta or TaN which serves as barrier to prevent Cu diffixsion 
and as an adhesion promoter of Cu to oxide IMD layer, (2) a PVD Cu. 
seed layer, and (3) a Cu electroplating. An excess of Cu over oxide is 
removed by using cheiiiical-mechanical polish (CMP) technique. The 
optimized metal deposition process is able to fill a high aspect-ratio (~5) 
of a 0.28 // m feature hole without seams formation. [Fig. 4] 
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(VI) Experiment 

I - 

lAl Basic 

Two major components in the electroplating process are compositions 
of the electroplating solution and the method in which the cmrent applied. 
In section (I), we have discussed how to select the method of current 
applied and the composition of electroplating solution. In addition, it is 
noticed that the electrolytic production of copper in copper deposition and 
the control of the cathode growth are very important. The reason is 
important because cathode growth is affected by many factors: (a) the 
quality of anode, (b) the electrolyte composition and impurities, (c) the 
cmrent density, (d) The surfece condition of the starter cathode, (e) the 
geometric anode and cathode (f) the uniforaiity of spacing (agitation) and 
the distance between electrodes and (g) the temperature or ciurent 
density. 

Electroplating can be carried out at a constant current, a constant 
voltage, or at variable waveforms of current or voltage. In our experiment, 
a constant current with accurate control of the mass of deposited metal is 
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most easily obtained. Piating at a constant voltage witii variable 
waveforms requires more complex equipment and coatroL The 
temperature of electroplating solution in e^qjerimcnt process is constant 
(at R-T). Therefore, we can negject the influence of temperature on 
deposition rate and film quality. 

IB] Prepare Substrate and Experimental Process 

P-type (001) oriented single crystal silicon wafers of 15-25 Q-cm 

in 6-inch diameter were used as deposition substrates in this work. The 

blank wafers were first cleaned by a conventional wet cleaning process. 

After wet cleaning, wafers were treated with a dilute 1:50 HF solution 

before loading into a deposition chamber; A 50-nm-thickness of TiN and 

a 50-nm-thickness of Cu were deposited using convention al PVD t o act 

as a difiusion barrier and a seed layer, respectively. Patterned wafers were 

fabricated to examine the ability of Ca electroplating in small trenches 

and vias. After standard RCA cleaning, wafers were treated with thermal 

oxidation. Then, a photolithography technique with reactive ion etching 

(RJE) was used to define a definite dimension of trenches/vias. A 40-nm- 

thickness of TaN used as barrier and a 150-nm-thicfcness of Cu used as 

seed layer were deposited by ionized metal plasma (IMP) PVD, 
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respectively. The dimension of trench/via was defined between 0,3-0.8 
/zm. An electroplating solution, which- was used for Cu electroplatiagy 

was usuaDy composed of CuSO/SI^O, H2SO4, Cr, additives, and wetting 
agent. The compositions of the electroplating solution were described in 
Table 2. Additives were frequently added in Cu electroplating because 
they worked as brightening, hardening, grain rejBning, and leveling agents. 
The current density applied was 0.1-4 A/dm*. Besides, Cu(P) (Cu: 99.95 
%, P: 0.05 %) material was used as an anode to siq)ply sufficient Cu ions 
and made good quality of Cu electroplated films. 

tC]| Equipment of electroplating 

The simple electroplating system yvas described as followed: [Fig 5] 

(a) Wafer : P-type (001) oriented single crystal silicon wafers of 15-25 

Q-cm in 6"-inch diameter 

(b) Power Supplier : GWl'860 O^t) 

(c) PP Tank: 20cmx 19cm x20.5cm 

(d) Rolled Copper (Cu: 99.95%, P:0.05%) : 30 piece 

Produced by Meltex Learonal Japan company 
(c) Titanium anode basket : 20 cmx 19 cmx2 cm 
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IDJ Analysis Tool 

(a ) Field Emission Scanning Electron Microscopy (FESEM): 
/ HITACHI S-4000 

The morphology and step coverage were examined by using field 
emission scanning electron microscope (FESEM). 

(bj Sheet Resistance Measurement 

The resistivity of electroplated Cu fihn was measxired by a four- 
point probe. The sheet resistance of the Cn films were determined using a 
standard equal-spaced four point probe. The spacing between equal- 
spaced four point probes was L016mm. Current was passed through the 
outer two probes and the potential across the inner two probes was 
. measured. The applied cmrcnt was from 0,1 to 0.5mA. 

( c ) X'Ray Power Diffractometer (XRPD): MAC Sience, MXPI8 

X'T2y difiBractometer (XRD) was utilized to investigate crystal 



i OP 7'aQ OCI a.g F Qit 



orientation of Cu electroplated films. X-ray analysis was perfomed in a 
Shimadzu diffiractometer and employed with Cu K ^ radiation ( X 

=1,542 A) in conventional reflection geometry and scintillation coimter 
detection, 

( dO Auger Electron Spectrocope (AES) : HSONS Microlab 310F 

Auger electron spectrocope (AES) was applied to determine the 
stoichiomctry and unifonnity along the depth direction, 

( e ) Secondary Ion Mass Spectrometry (SIMS) : Cameca IMS-4f 

SIMS (Secondary Ion Mass Spectrometry) was utilized to do the 
contamination analysis. 



(VE) Results and Discussions 

C Al The effect of appUed current and concentration 

In our study, we first change the concentration of sulfate acid and keep 
concentration of copper sulfate at constant. Fig. 6 shows the concentration 
change of sulfate acid vs. thickness variation. We can j5nd no obvious 
change in thickness when increasing the concentration of sulfate acid. Fig, 7 
presents the relationship between film resistivity and concentration of H2SO4. 
The resistivity is constant when concentration is increasing. In Fig 8(a) & 
8 (b), SEM images show film morphology with and without H2SO4 presence. 
We can find the imiformity and roughness of copper film is smoother when 
the sulfate acid in present and makes the resistivity of copper film lower. In 
our opinion, the purpose of sulfimc acid is to prevent anode polarization and 
to improve conductivity of the electrolyte and cathode film, but does not 
very strong affect on the deposited copper film. 

In experiment, we keep concentrations of sulfate acid (^197g/l) and 

sulfate copper (90g/l) constant. Since conductivity of solutions is higher, and 
anode and cathode polarization are small, voltage required for Cu deposition 
is small. Change in sulfate acid concentration has more influence than 

/5 
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changes in copper sulfate concentration in solution conductivity and anode 
and cathode polarization. Fig, 9 shows the relation between applied current 
change and Cu deposition rates. It is found that deposition rate increases 
with increasing applied current The deposition rate reaches a mayimnTn 
when applied current increase to 3.2 AJdm\ As shown in Fig 10, we can see 
the resistivity changes with different applied current. When appliied current 
is at 3.2 A/dm^, the resistivity become very large. Figs. 11 (a) and 11(b) 
present film morphology of Cu electroplated on seed layer / TiN / Si at 
various ciurent densities (1-4 A/dm^) without additive addition. Large 
grain of Cu film is observed at high cmrent density. The resistivity exhibits 
unusually high (-10 /z m-cin) when high current is applied. A high 
resistivity of Cu film observed could be attribute to rough surface formation, 
which resulted in film non-conformity at high current condition. The rough 
surface formed at high current could be rationalized by following 
postulations. It was supposed that Cu electroplating rate depended on Cu 
ions diffusion onto substrate surface. At high current applied, most of Cu 
ions were effected at a high electric field; therefore, Cu ions diffusion fi-om 
solution to substrate surface was very fast. Since Cu ion diffusions was 
very fast, the depiction of Cu ions in difiusion layer was very rapid; Cu ions 
could bot be supplied instantly fioni electroplated solution into difiRision 
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layer. The Cu electroplating was timitcd by Cu ion diffusion* This was 
called diffiision controlled. Since no replenish of Cu ions diffused onto 
substrate surface, no more of nuclcation was formed on the sxirface. Cu 
aggregation could occur on the surface due to high electric field effect A 
rough surface formed was ascribed to Cu agglomeration. Fig. 12 present 
relative intensity ratio of Cu(lll)/Cu(002) by X-ray diffiactiqn measurement 
at various applied current density. According to XRD results, a strong (111) 
orientation was always observed at higher cuirent density apphed. The 
development of growth orientation of the copper film could be rationalized 
by considering surface energy and strain energy at different crystal 
orientation. In the im'tial stage, the orientation of Cu (002) plane was 
formed because this plane possessed the lowest surface energy. As applied 
electrical current was increased, the strain energy becomes a dominant factor 
in governing grain growth. The peak intensity of Cu (111) was increasing 
at high electrical current applied because of high strain energy in Cu (111) 
orientation. In addition, a Cu (111) orientation was preferred because this 
orientation showed better electromigration resistance. Contradictory, Cu 
(111) formed at high cuirent density couid make surface more roughness as 
shown in Fig.l6 (b). In order to improve the filling of Cu electroplating, it 
was attempted to add some additives in electroplating solution. A high 
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resistivity of Cu film at iiigh current was also analyzed by SIMS and 
compared with that at low current condition (see Fig. 13 a & b). The oxygen 
concentration in the high ifesistivity of Cu film is higher because of its rough 
surface with film non-conformity at high current condition. 

[Bj TheEffectofTraditipxial Additive Agents 

In order to understand sthc gap filling capability in electroplating 
processing. Then, the dimension of trench/via was defined between 0.3-0.8 
fjL m used to test gap filling capability. Fig. 14 shows the images of pattern 

wafer before electroplating. The thickness of Cu seed layer on the bottom 
and on the side-wail is less than on the top. 

We used HCl as, additive agent for electroplating. Addition of HGl 
does not make any prominent difference in film resistivity and film 
morphology in blanket wafer. [Fig. 15] As shown from in pattern wafers [see 
Fig. 16 (a) and (b)], we find the uniformity at the top of the trench is 
smoother when the HCl was added in solution. Fig. 17 revealed that voids 
are formed if no additive agent was added into the solution. 

Various organic and inorganic additives are added in solution to help Cu 
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electroplating. Thiourea is a common additive, which usually added in 
electroplating solution. A5 presented in Fig, 18, the resistivity of 
electroplated Cu films docs not show big difference when the concentration 
of Thiourea is smaller than 0,054 g/1. A high resistivity is observed when 
Thiourea is more than 0.054 g/1. Fig. 19 presents the SEM image of Cu 
(111) at 0.03 g/1 of Thioxuea addition. The current is applied at 2.4 A/dm^. 
As shown from SEM image, addition of additives coizld help (111) 
formation at low cuircnt density, because the additive could be incorporated 
into the deposit to provide a specific growth orientatioiL Fig. 20 presents 
the SEM image of the electroplated Cu film at 0.054 g/1 of Thiourea addition. 
The current applied is still to keep at 2.4 A/dm^, As shown in Fig 20, when 
concentration of Thiourea is increasing, the dendrite produced during Cu 
electroplating is increasing. This dendrite has similar geometric structure 
with difiusion-limited clusters. Moreover, Thiourea could decompose to 
form pernicious product (NH4SCN) which results in embattlement of 
electroplated Cu films. Fig. 21 shows the resistivity of copper film change 
with deposition time. It is appeared that resistivity is lower when the copper 
film become large block. Because that the grain boundary of copper film is 
decreasing to make surface more smooth than initial thin film. The 
resistivity of Cu film is higher when Thiourea is added. According to 
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SIMS rcsiilts [Fig. 22(aXbXc)], wc can find the concentration of S clement 
is increased y<ith increasing concentration of Thiourea. ,It is suggested that 
Thiourea adsorbed on the! surface of cathode could make the resistivity of Cu 
increasing. In addition, voids is formed when Thiourea is used as additive 
agent. 

PEG (polyethylene glycol) is widely used in Cu electroplating as a 
carrier agent In this study, we use different molecular weight of PEG 
(200-10,000) and added in electrolyte with HCl and small amount of 
Thiourea (0.003 6 g/1), since small amount Thiourea could help (111) plan 
formation. We can found the larger molecular weight (m.w.>200) make the 
higher resistivity of copper film. According to Fig. 23, the resistivity of 
copper film is increasing with PEG molecular weight higher with deposition 
time. It is suggested that the longer chain length with Thiourea is absorbed 
on die surface of substrate. From SEM image shown in Fig.24(a)(b.), film 
morphology doesn't change a lot when PEG molecular weight is increasing, 
but the plane (111) is decreasing when PEG molecular weight is 
increasing. [Fig. 25] According to SIMS analysis [shown in Fig.26(a)(b)], the 
major components of Cu film are still Cu , O, C, S and Ti. The amount of 
S element will be increasing with increasing molecular weight of PEG. This 



observation is proved by our suggestion which discussed previously. 

Based on our results, a lot of Thiourea and larger molecular weight of 
PEG (m.w >200)' could not be used as additives in Cu electroplating for 
future Cu interconnect because of higher resistivity of copper film and poor 
cap-filling ability. In order to make Cu electroplating implemented in 
ULSI processing, a suitable additive must be developed. In this study, we try 
new traditional additive agents of Molasses which shows the same effect on 
resistivity of copper film- 
Glucose is also a common traditional additive agent used in Cu 
electroplating. In our experiment, we found the resistivity and orientation of 
electroplated copper film do not obvious change with different ainount of 
Glucose. However, filling capability in via and trench is poor. Although an 
equal thickness at all points of a feature is formed, a void still appears in the 
trench- 

[C;i ThcEffect of New Additive Agents 

Sulfamates have been studied in interaction with a number of metals. 



mi. 

They show little tendency to form complex ions or affect the deposition by 
adsorption or bridging effects. Sulfamates could be used as a gap-filling 
promoter in Cu electroplating because it .could decrease current efficient in 
Cu deposition. Since faydroxyl amine sulfate (NHjOEOa "HjSO^ has a similar 
functional group with sulfematc, it is postulated that it could be act as a good 
gap filling promoter. In order to examine if hydroxy] amine sulfete could 
act as a gap filling promoter, Cu electroplating with addition of hydroxyl 
amine sulfate is investigated in this CTqwriment. The experiment is executed 
on the substrates with 0,3-0.8 /xm width of trench/via. Since the thickness 
of base layer (seed layer and diffusion bairier) is 60nm on the bottom and on 
the side wall and 120nm on the top, the width less than 0.25 fim could be 
elcctrodeposited in the 0.35 /zm width of trench. Fig. 27 reveals void is 

formed if no additive is added into the solution. The dimension of trench 
in Fig, 31 is measured to be 0.4 fim. Since Cu reduction is preferred to 

occur at the region of high current (at the top of trench), a void is easy to 
form. No void formation is observed when the additive of (NH20H)2 •H2SO4 
is added into the electroplating solution, as shown in Fig. 28. The 
dimension of trench is measured to be 0.3 fim. A complete picture of 

SEM image in low magnification of Cu electroplated on 0.3-0.8 j^m of 
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trench/via is presented in Fig. 29. According to previous results, it is 
demonstrated ^t Cu could be electroplated into fine trenches or small sizes 
of vias when hydroxyl amine sul&te is used as a gap filling promoter. In 
addition, the resistivity of Cu film does not show significant change, [see Fig 
30] The concentration of O in the Cu film measured to be very low 
[Fig.31]. Therefore, oxidation of Cu or seed layer could be neglected. 
According to SIMS analysis, it is found that the concentration of impurity (S 
element) is very low in copper film [Fig.32]. A further study of this new 
additive is still investigated in progress. 

Since hydroxyl amine sulfate ((NH20H)2 - H2SO4) has both amino and 
sulfate fimctional group, it is proposed to use as a gap filling promoter in 
helping Cu electroplating. Another additive agent, hydroxyl anune 
hydrochloride (NH2OH) • HCl, could be considered to use for Cu 
electroplating because it has a similar amine fimctional group with chloride. 
In our experiment, we use different amount of hydroxyl amine hydrochloride 
(NItOH) • HCl as a gap filling promoter. The ability of filling is not really 
good. Some trenches can be completely filled by Cu but others can not. 
However, the lower resistivity of copper fihn could be decreased to \.9^ 
Q • cm when small of hydroxyl amine hydrochloride is used in the 
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electrolyte compared to the Cu filin with no additive added [Fig, 30] 

Another organic • additives with unsaturated tc -bands, like 
Tribenzylamine, benzotriazole and naphthalene sulfonic acid, could be 
considered to be use as additives in Cu electroplating. Since they have 
unsaturated tt -bands, the tt electrons could interact with surface atoms of 
copper, to produce substantial effect on the properties of deposits. Brightness, 
leveling, as well as stability effect is still needed to do further study. This 
study, we try to use Tribenzylamine and benzotriazole' as leveling agents. 
However, these levels agents are quite difficult in soluble in sulfate acid 
solution to make experiment unworkable. 
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(Yl) Conclusions 

A strong Cu (111) peak was observed at higher electrical current 
applied. The development of growth orientation of the copper film coxild 
be rationalized by considering surface energy and strain energy at dififerent 
crystal planes/ In the initial stage, the orientation of Cu (002) plane was 
existed because this plane possessed the lowest surface energy. As applied 
electrical current was increased, the strain energy becomes a dominant factor 
in governing grain growth. A strong peak of Cu (111) was appeared when 
applied electrical current was increasing. In addition, additives played an 
important role in controlling the orientation of electroplated Cu films at low 
current density. No void formation was observed when Cu 
electrodeposited onto a 0.3 jam width of trench in the presence of 
(CNH20H)2 •H2SO4) additive. The concentration of O in the sample was 
measured to be rather low. Therefore, oxidation of Cu or seed layer could 
be neglected Iq summary, sulfamate group showed little tendency to form 
complex ions, therefore, it could stabilize Cu (I) and reduce current 
efficiency for copper deposition. Since hydroxyl amine sulfate 
((NH20H)2 •H2SO4) had both amino and sulfate functional groups, which 
were similar to sulfamate, it was postulated that hydroxyl amine sulfate 
could be used as a gap filling promoter in helping Cu electroplating. 
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Table 1. Chemical composition of the eiectroplated Cu solution 



Composition 


Concentration 


CuSO4 5H20 


60-150 g/l 


H2S04 


80-150 g/1 


CI ions 


50-150 ppm 


PEG 


-lOOppm 


Addition agents 


Small 



Table Captions 

Table 1 . Chemical composition of the electroplated Cu solution 

Figure Captions 

Fig 1 . Typical deposition profile in plating. 

Fig 2. Schematic cross-section shows micro-ronghness at cathode. The 

leveling is accxumilated at peak (P) because diSusion is relatively fest 
at the short distance from the difiusion boimdary. Diffusion at vaUey 
(V) is too slow to keep up with consumption of leveling agent 
Consequently, metal deposition is inhibited at peak but not in the 
valleys, and filling in the valleys produceis a smoother surface. 

Fig 3. (a) Copper electroplated into a 0.4 micron trench with aspect ratio = 
2.1:1 

Fig 3.(b) Copper electroplated into a 0.35 micron trench with aspect ratio = 
2.4:1 

Fig 4. The optimized deposition process is able to fill a high aspect-ratio 
(—5) feature hole of a 0.28 ^ m via size without obvious seam 

formation. 

Fig 5. Schematic of the Cu electroplating system. 

Fig 6. Dependence of the thickness vs. Pi2S04 concentration change. 
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(CuS04*5H20 at 90g/l, current density at 2.4A/dm2 and time at 
2min) 

Fig 7. Cu films resistivity change as a function of concentration of H2SO4 
(CuS04*5H20 at 90g/l, current density at 2.4A/dm2 and time at 
2min) 

Fig 8. SEM images of copper film morphology with and without H2SO4 

presence, (a) only CuS04*5H20 (90g/l) (b) CuS04»5H20 (90g/l) 
&H2SO4(20myi) 
Fig 9. Dependence of film deposition rate vs, current density variation- 

(CuS04»5H20 at 90g/l, H2S04 at 1 97g/l and time at 2min) 
Fig 10, Film resistivity change as a function of applied current variation. 

(CuS04*5HaO at 90g/l, H2S04 at 197g/l and time at 2min) 
Fig 1 1 . Cu film morphology at difierent applied currents,. 
Fig 12. XKD measurement at various ^pUcd cturent. 

{CuS04*5H20 at 90g/l, H2S04 ai 197g/l and time at Zinin) 
Fig 1 3. (a) The SIMS results showed that oxygen concentraton in 

electroplated Cu film at low applied current density of L2A/dm2, 
Fig 13 -(b) The SIMS results showed that oxygen concentraton in 
electroplated Cu film at high applied current density of 
3.2A/dm2. 
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Fig 22. (c) SIMS analysis on Cu film with tinoura 0.01 8g/l addition. 

Fig 23 . The resistivity of Cu films change with various PEG molecular 

weight at different deposition time. (CuS04«5H20 at 90g/l, H2S04 
197g/l , HCl at 70 ppm, current density at 1.2 A.dm2 ) 

Fig 24. Film morphology analysis with different amount of Thiourea 
Addition (a) PEGIOOO added (b) PEGl 0,000 added 

Fig 25, XRD measurement at various PEG molecular weight.. 

Fig 26. (a)The SIMS analysis on Cu film with Thiourea andPEG200 
addition. 

Fig 26. (b)The SIMS analysis on Cu Sim with Thiourea and PEG4000 
addition 

Fig 27. The SEM image of the electroplated Cu fihn without additive agent 
addition. The dimension of trench is 0.25 ;z m. 

Fig 28. The SEM image of the electroplated Cu film at O.06g/1 of 

CNH20H)H2S04 addition. The dimension of trench is 0.25 ;i m. 

Fig 29. (a) & (b) A low magnification of the SEM image of Cu Electroplate 
on 0.3--O.8 /I m of trench/via. 

Fig 30. The resistivity change with different amount of additive additive 
agent at different deposition time. 
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Fig 3 1 . The AES analysis of the Cu fflm at 0.06g/l of CNH20H)2H2S04 
addition. 

Fig 32. The SIMS analysis on Cu IHlm at 0.06g/l of (NEl20H)2H2S04 
addition. 
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CLAIMS 

1. Electroplatingplating solution for copper comprising CUSO4.5H2O, 
H2SO4, HCI, Polyethylenglycol (molecular weight >200). hydroxy! 
amine sulfate, hydroxyl amine chloride and if necessary further addi- 
tives. 

2. Solution according to claim 1 comprising CI ions in a range of 50 - 
150 ppm and hydroxyl amine sulfate in a range of 0,01 - 5 g/l. 

3. Solution according to claim 1 comprising CI ions in a range of 55 - 
125 ppm. 
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Fig. 13b 
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Fig. 22a 
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Fig. 22c 
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Fig. 25 
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Fig. 30 
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CH YES n NO 








□ YES □ NO 



POWER OF ATTORNEY: As a named inventor, I hereby appoint I. William Millen (19,544); John L. White (17,746); Anthony J. 
Zelano (27,969); Alan E.J. Branigan (20,565); John R. Moses (24,983); Harry B. Shubin (32,004); Brion P. Heaney (32.542); Richard J. 
Traverso (30,595); John A. Sopp (33,103); Richard M. Lebovitz (37,067); James E. Ruland (37,432); Jennifer J. Branigan (40,921); 
Robert E. McCarthy, (46,044); Csaba Renter (50,908) and Nicole E. Kinsey (50,723) to prosecute this application and transact all 
business in the Patent and Trademark Office connected therewith. 

Send Correspondence to: Customer No. 23599 Telephone No. Direct Telephone Calls to: 

703/243-6333 
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PATENT I'KADEMARK OFFICE 




Combined Declaration for Patent Application and Power of Attorney (Continued) 

(rncludes Reference to PCT International Applications) 



ATTORNEY'S DOCKET NUMBER 





FULL NAME 
OF INVENTOR 


FAMILY NAME 

HU 


FIRST GIVEN NAME 

Jung-Chih 


SECOND GIVEN NAME 


0 

1 


RESIDENCE <& 
CITIZENSHIP 


Hsinchu ^ \f\J 


STATE OR FOREIGN COUNTRY 

Taiwan, R.O.C 


COUNTRY OF CITIZENSHIP 

Taiwan, R.OC 




POST OFFICE 
ADDRESS 


STREET 

101 Section 2 Kuang Fu Road 


CITY 

Hsinchu 


STATE & ZIP CODE/COUNTRY 

Taiwan, R.O.C 


2 


FULL NAME 
OF INVENTOR 


FAMILY NAME 
GAU 


FIRST GIVEN NAME 

Wu-Chun 


SECOND GIVEN NAME 


0 

2 


RESIDENCE & 
CITIZENSHIP 


CITY _ , 

Hsinchu ~ \ \Nr\^ 


STATE OR FOREIGN COUNTRY 

Taiwan, R.O.C 


COUNTRY OF CITIZENSHIP 

Taiwan, R.O.C 










POST OFFICE 
ADDRESS 


STREET 

101 Section 2 Kuang Fu Road 


CITY 

Hsinchu 


STATE & ZIP CODE/COUNTRY 

Taiwan, R.O.C 


2 


FULL NAME 
OF INVENTOR 


FAMILY NAME 

CHANG 


FIRST GIVEN NAME 

Ting-Chang 


SECOND GIVEN NAME 


0 

3 


RESIDENCE & 


CITY 

Kaohsiung J W A 


STATE OR FOREIGN COUNTRY 

Taiwan, R.OC 


COUNTRY OF CITIZENSHIP 

Taiwan, R.O.C 




POST OFFICE 
ADDRESS 


STREET 

70 Lien-Hai Road 


CITY 

Kaohsiung 


STATE & ZIP CODE/COUNTRY 

Taiwan, R.O.C 


2 


FULL NAME 
OF INVENTOR 


FAMILY NAME 

FENG 


FIRST GIVEN NAME 

Ming-Shiann 


SECOND GIVEN NAME 


0 
4 


RESIDENCE & 
CITIZENSHIP 


CITY 

Hsinchu — rVJ)C 


STATE OR FOREIGN COUNTRY 

Taiwan, R.O.C 


COUNTRY OF CITIZENSHIP 

Taiwan, R.O.C 




POST OFFICE 
ADDRESS 


STREET 

100 Ta HsuehRoad 


CITY 

Hsinchu 


STATE & ZIP CODE/COUNTRY 

Taiwan, R.O.C 


1 ^ 


FULL NAME 
OF INVENTOR 


FAMILY NAME 

CHENG 


FIRST GIVEN NAME 

Chun-Lin 


SECOND GIVEN NAME 


^ 0 


RESIDENCE & 
CITIZENSHIP 


CITY 

Jung Li Taur- Yuan JXA^X 


STATE OR FOREIGN COUNTRY 

Taiwan, R,O.C 


COUNTRY OF CITIZENSHIP 

Taiwan, R.O.C 




POST OFFICE 
ADDRESS 


STREET 

lOF No.25, Hwan Shi Road, 
Section 4 Lane 300 


CITY 

Jung Li Taur- Yuan 


STATE & ZIP CODE/COUNTRY 

Taiwan, R.O.C 


2 


FULL NAME 
OF INVENTOR 


FAMILY NAME 

LIN 


FIRST GIVEN NAME 

You- Shin 


SECOND GIVEN NAME 


0 
6 


RESIDENCE & 
CITIZENSHIP 


CITY ^ 

Su-Yuh Yi-Lan pvJ X 


STATE OR FOREIGN COUNTRY 

Taiwan, R.O.C 


COUNTRY OF CITIZENSHIP 

Taiwan, R.O.C 




POST OFFICE 
ADDRESS 


STREET 

No. 94, Wen-Sheng Road 


CITY 

Su-Yuh Yi-Lan 


STATE & ZIP CODE/COUNTRY 

Taiwan, R.O.C 


2 


FULL NAME 
OF INVENTOR 


FAMILY NAME 

LI 


FIRST GIVEN NAME 

Ying-Hao_, 


SECOND GIVEN NAME 


0 

7 


RESIDENCE & 
CITIZENSHIP 


CITY 

Taoyuan pVv/ X 


STATE OR FOREIGN COUNTRY 

Taiwan, R.O.C 


COUNTRY OF CITIZENSHIP 

Taiwan, R.O.C 




POST OFFICE 
ADDRESS 


STREET 

33 Ching Chain I Road, Kuan Yin 
Industrial Park 


CITY 

Taoyuan 


STATE & ZIP CODE/COUNTRY 

Taiwan, R.O.C 
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Combined Declaration for Patent Application and Power of Attorney (Continued) 

(Includes Reference to PCT International Applications) 



ATTORNEY'S DOCKET NUMBER 



2 
0 
8 


FULL NAME 
OF INVENTOR 


FAMILY NAME 


FIRST GIVEN NAME 

1^1 n- J Uaiin 


SECOND GIVEN NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 

Hsinchu TXa/V 


STATE OR FOREIGN COUNTRY 
Taiwan R O P 


COUNTRY OF CITIZENSHIP 

laiwan, R.O.C 


POST OFFICE 
ADDRESS 


STREET 

101 Section 2 Kuang Fu Road 


CITY 

l-T^inpliii 

J.l.ailX(^lIU. 


STATE & ZIP CODE/COUNTRY 

Taiwan, R.O.C 


2 
0 
9 


FULL NAME 
OF INVENTOR 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


POST OFFICE 
ADDRESS 


STREET 


CITY 


STATE & ZIP CODE/COUNTRY 


2 
1 
0 


FULL NAME 
OF INVENTOR 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 


POST OFFICE 
ADDRESS 


STREET 


CITY 


STATE & ZIP CODE/COUNTRY 


2 


FULL NAME 
OF INVENTOR 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


1 
1 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 




POST OFFICE 
ADDRESS 


STREET 


CITY 


STATE & ZIP CODE/COUNTRY 


2 
1 

2 


FULL NAME 
OF INVENTOR 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 


COUNTRY OF CITIZENSHIP 




POST OFFICE 
ADDRESS 


STREET 


CITY 


STATE & ZIP CODE/COUNTRY 



i hereby declare that all statements niade herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent issuing thereon. 


SIGNATURE OF INVENTOR 201 


DATE 


SIGNATURE OF INVENTOR 207 


DATE 


SIGNATURE OF INVENTOR 202 yry 


DATE 


SIGNATURE cfr INVE^^OR 208 


DATE 


SIGNATURE^F INVENTOR 203 


DATE 


SIGNATURE OF INVENTOR 209 U 


DATE^ 


SIGNATURE^ INVENTOR ^ ^ 


DATE 


SIGNATURE OF INVENTOR 210 


DATE 


SIGNATURE ^F INVE'f/rOR 205 Cj 


DATE 


SIGNATURE OF INVENTOR 211 


DATE 


SIGNATURE OF INVENTOR 206 


DATE 


SIGNATURE OF INVENTOR 212 


DATE 
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Office of Initial Pateot Examination - Scanning JMvision 




Application deficiencies found dniing scanmng: 



□ Page(s) 

for scanning. 



of 



^DocumeiKt title) 



were not present 



□ Page(s) 

present 
for scanning. 



of 



(Document title) 



were not 



□ Scanned copy is best available. 



